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Summary
Background: Navigation tracker pins rigidly ﬁxed to bone is a prerequisite for computer-assisted
total knee arthroplasty. The ﬁrst cases of fracture on navigation tracker pin sites have recently
been reported.
Hypothesis: The risk of fracture depends ﬁrst on diaphyseal placement of the tracker pins, and
second on ‘‘transcortical’’ tangential route of the tracker pin as well as failure to obtain rigid
ﬁxation.
Material and methods: In a continuous series of 385 total knee arthroplasties, ﬁve patients
(four women, one man) on average 73.2 years old (range: 65—79 years old) have sustained
femoral fractures at the tracker pin site (incidence 1.3%). We investigated the demographic
and radiological factors contributing to this complication.
Results: The patients with fractures were obese or overweight with an average body mass
index of 32.56 (range: 25.14—39.45) but this was not statistically different from the BMI of
the population of patients without fractures. The average delay from arthroplasty to fracture
was 12.6weeks (range 7—21). The fracture was always preceded by several days of thigh pain
and occurred after a minor trauma. The fractures were always simple originating from the
tracker pin site. In four out of ﬁve cases, the tracker pins were placed in the diaphyseal femur,
and in all cases at least one pin was transcortical. Closed endomedullary nailing or ORIF were
performed in ﬁve cases, with no bone graft. Union was obtained with functional results that
were equivalent to those before the fracture.
Discussion: Fractures at the navigation tracker pin site are a complication which must be
understood and explained to patients undergoing computer-assisted TKA because of the 1.3%
incidence described in our series. The circumstances systematically associated with this type
of fracture were: occurrence a certain amount of time after arthroplasty in obese patients who
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had pain before the fracture occurred. These fractures are favored by suboptimal placement
of the tracker pins, especially in the lower diaphysis of the femur and transcortical ﬁxation
of at least one of the pins. Treatment included stable osteosynthesis and did not affect the
results of total knee arthroplasty. The development of thigh pain some time after surgery in
high risk patients (obesity, tracker pin site in the lower diaphysis, transcortical ﬁxation) should
suggest this diagnosis and weight-bearing should be avoided because these fractures are assim-
ilated with stress fractures. Bicortical metaphyseal ﬁxation should be the prefered tracker pin
positionning for navigated total knee arthroplasty.
Level of evidence: Level IV retrospective study.
© 2010 Elsevier Masson SAS. All rights reserved.
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omputer-assisted surgical techniques have been shown to
e effective in total knee arthroplasty resulting in pre-
ise placement of knee components [1—6]. This technique
equires the placement of navigation trackers which must
e hard-ﬁxed to the tibia and femur throughout surgery. At
resent these navigation trackers are attached either with
pin or a large diameter screw or by two thin pins placed
airly close together which may cause weakening of the bone
nd fracture. The ﬁrst cases of postoperative fractures were
escribed in 2006 by Ossendorf et al. [7] and Jung et al. [8].
Computer-assisted total knee arthroplasty has been sys-
ematically performed in our surgical unit since 2003. Five
ases of femoral fractures at the tracker pin site have been
bserved since that date.
The main goal of this study was to identify the risk factors
f tracker pin site fractures, as well as to analyse the results
f osteosynthesis and to suggest preventative measures. Our
ypothesis was that placing the tracker pins in the diaph-
sis of the bone, with transcortical rather than bicortical
xation, were the main risk factors for these fractures.
Figure 1 a and b: rigid femoral t
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paterials and methods
etween January 2003 and December 2007, 385 primary
otal knee arthroplasties (TKA) were implanted by a stan-
ard medial parapatellar approach using the SAL prosthesis
Sulzer Orthopaedics, Baar, Switzerland) until January 2006
hen the NEXGEN LPS Flex prosthesis (Zimmer, Warsaw, Indi-
na, United States) thereafter. The navigation system was
AVITRACK (ORTHOsoft, Montreal, Canada). Two different
ystems of ﬁxation were used for the tracker pins. From
anuary to September 2003, each tracker was attached
ith a single Schanz type 6-mm screw. After September
003, trackers were attached with two 1.5-mm threaded
ins (Fig. 1), for better rigidity. Initially and until 2006,
he pins were placed on the femoral metaphysis and tibial
iaphysis then thereafter pins were placed on the diaph-
sis of both the femur and the tibia, transcutaneously at aracker with two 1.5mm pins.
igniﬁcant distance from the surgical ﬁeld to facilitate eval-
ation of femoropatellar range of motion after placement of
rovisional components. All of our fractures occurred after
006 when we began diaphyseal placement of both tracker
ins.
Pin track induced fractures around computer-assisted TKA
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fFigure 2 The different positions of the pins in relation to the
bone cortex from Jung et al. [8].
In this retrospective study, an independent observer
managed follow-up including questioning patients about
how the facture occurred, performing a complete radi-
ological evaluation (computerized standing full long leg
radiograph + centered images) andmeasuring articular range
of motion.
Evaluation of fractures included an analysis of the cir-
cumstances leading to the fracture: delay between knee
arthroscopy and fracture, type of trauma, possible pre-
fracture symptoms, morphological evaluation of the patient
(BMI, morphology of lower limbs); as well as a prefracture
post-TKA plain X-ray, in particular the position of the tracker
pin sites. Two parameters were taken into account. First the
location of the tracker pins in the diaphysis or metaphysis
and second their intraosseous position. Two positions were
identiﬁed: transcortical and bicortical (Fig. 2 and Fig. 3). A
pin was deﬁned as bicortical if it perforated the ﬁrst cortex,
went through the medullary canal and perforated the sec-
ond cortex. It was deﬁned as transcortical if it only passed
through one cortex.
Finally, a plain X-ray was taken after osteosynthesis to
evaluate fracture union and the axis of the lower limb.
a
m
t
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Figure 3 Upper transcortical pin, lower bicortical pin (a: fron251
Statistical analysis of the results was performed using the
ann & Whitney test to compare the demographic data of
he ﬁve patients with fractures with the rest of the series
ith a signiﬁcance threshold of 5%.
esults
ive femoral fractures (four women, one man) were
bserved during this period (no tibial fractures) (Table 1).
he average age of patients with fractures was 73.2 (range
5—79). The distribution by age and sex was comparable to
hat of the rest of the population who received TKA, with a
ex-ratio of one man to ﬁve women and an average age of
6 (Mann & Whitney, p > 0.05). The patients with fractures
ere obese or overweight with an average body mass index
f 32.56 (range: 25.14—39.45; median: 27.2). The average
ody mass index was higher in the group with fractures than
n the group without fractures (mean: 28.4, median: 29),
ut the difference was not statistically signiﬁcant (Mann &
hitney, p > 0.05). The preoperative morphotype (evaluated
y standing long leg radiograph) was not different from the
opulation without fractures (Mann & Whitney, p > 0.05).
The average delay between arthroplasty and the frac-
ure was 12.6weeks (7—21weeks). The fracture was always
receded by a few days of unusual pain in the thigh during
eight bearing. The fractures always occurred after minor
r indirect trauma. In four cases, the fracture was diaphy-
eal and in one case it was metaphyseal. All fractures were
imple and were predominantly transversal. All fractures
riginated from the tracker pin site (Fig. 4). The route of
t least one of the two tracker pins was transcortical. There
ere additional tracker pin drill holes in two cases (initial
ailure in placing the pin) (Fig. 5).Before fracture, post-TKA X-rays showed an axis of 0◦
nd 3.5◦ varus in three patients in the third postoperative
onth. There was no signiﬁcant clinical deformity in the
hree patients with fractures before the 3-month postoper-
tive follow-up.
t and b: proﬁle). Close-up of preceding photos (c and d).
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Treatment was always surgical using endomedullary
emoral nailing in three cases and open reduction and inter-
al ﬁxation (ORIF) by plate in two cases. No additional bone
rafts were necessary. Union was obtained 3months later
n all ﬁve cases, with an articular range of motion that
as equivalent to or greater than that before the fracture,
xcept in one case where a 5◦ loss of ﬂexion was observed
Table 1). The articular range of motion in the group with
ractures was not different from that in the group without
ractures for the same delay of follow-up (Mann & Whitney,
> 0.05). On the long leg radiograph, the mechanical axis
fter union was found to vary between 7◦ varus and 2◦ val-
us (the two extremes corresponded to the cases of ORIF),
hich was also not different from the control population of
atients without fractures (Mann & Whitney, p > 0.05).
iscussion
o our knowledge, this report of ﬁve femoral tracker pin
ite fractures represents the largest published series on this
ntity to date (Table 2). At the same time, because of
he limited number of cases, the statistical results should
e interpreted with caution. Nevertheless, these results
how the common conditions under which the fractures
ccurred, favored by technical errors during the arthro-
lasty procedure, in a population whose characteristics were
ot statistically different, in our series, from the population
ithout fractures. This series of fractures occurred when we
hanged our usual practices (number and position of pins)
hus increasing the number of risk factors.
The incidence of these fractures in our series was 1.3%.
herefore, this complication is not rare and should be men-
ioned to patients when they are informed of the risks of
he intervention because the incidence rate is similar to
hat of deep infections of the surgical site, and because
anagement requires a second intervention [9].
All of the patients with fractures were overweight and
bese, a factor which has also been mentioned by Ossendorf
t al. [7], Bonutti et al. [10], Li et al. [11] and Wysocki et al.
12]. However, in our study, the BMI of patients with frac-
ures was not statistically greater than that in the total knee
rthroplasty patients without fractures. All of the fractures
ccurred some time after surgery in patients who had recov-
red satisfactory knee function with replacements that were
orrectly implanted with no axis defects. This long delay
etween surgery and fracture has also been mentioned in
he literature; it was 5weeks for Jung et al. [8] and 12weeks
or Ossendorf et al. [7] or Bonutti et al. [10]. The associa-
ion of unusual pain preceding the fracture by several days
nd the occurrence of the fracture after a minor trauma
uggests a similar mechanism to that found in stress frac-
ures. This mechanism was also mentioned by Jung et al.
8] who identiﬁed hyperﬁxation on bone scintigraphy in a
atient who was experiencing mechanical pain at tracker
in sites and by Li et al. [11] who diagnosed an incom-
lete fracture 5weeks after a patient experienced unusual
ain, and which fractured completely 2 days later despite
emoval of all weight from the leg. Care should therefore be
aken during surgery in obese patients, and during rehabili-
ation in case of the development of pain after a pain-free
eriod.
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Figure 4 a: proﬁle X-ray of an oblique fracture of the lower diaph
direction of the pins and that the fracture line passes through the p
All of our fractures were femoral. The predominance of
femoral fractures is also found in the literature [7,8,10—12].
Femoral fractures may predominate for biomechanical rea-
sons. The femur mainly undergoes mechanical stress during
torsion and ﬂexion while the tibia mainly undergoes stress
by compression [13]. The type of mechanical stress endured
by the femur makes it more sensitive to cortical bone loss
and in all our cases at least one of the pins was placed in
the transcortical position.
The danger of transcortical notches has been emphasized
by Jung et al. [8], and by Culp et al. [14] who have stated
that a 3-mm groove in the anterior cortex of the supracondy-
lar femur reduces resistance to torsion by 29.2%. Thus, pin
Figure 5 a and b: example of multiple holes close together
‘‘postage stamp’’ effect.
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kysis; b: view of the fracture during surgery. The pins show the
in.
nsertion should be bicortical which does not increase the
isk of weakening the bone any more than a monocortical
in, but which provides more stable anchoring [15] as long
s the bicortical pin is perpendicular to the axis of the bone.
Increasing the number of drill holes which are adjacent to
ne another and/or to the cortex; causing ‘‘postage stamp’’
ype multiple drill holes, increases the risk of fracture and
xplains, in part, the case of metaphyseal fracture in our
tudy (Fig. 5) [16].
The predominance of diaphyseal fractures is similar to
hat found in the literature since the seven femoral frac-
ures reported to date were diaphyseal [7,8,10—12]. The
etaphyseal-dyaphyseal femur is known to be a zone of
ransition, and its fragility has been mentioned in the lit-
rature in particular by Aaron and Scott [13]. Weakening is
roportional to the ratio of the diameter of cortical bone
oss (d) (created in the present case by the diameters of the
in sites) over the diameter of the bone (D). Thus for Hipp
t al. [17], although bone weakening is minimal for a ratio
f d/D below 10%, resistance to torsion is only 60% of normal
hen d/D = 10% and 31% when d/D = 60%. It would therefore
eem to be important to follow the recommendations in the
iterature which suggest placing tracker pins in the metaph-
sis of the femur [7,10,11], even if placing the pins in this
ocation can make the evaluation of femoropatellar kinetics
ore difﬁcult when the provisional prosthesis is in place.
The fracture line was generally simple, short and trans-
erse or oblique as mentioned by Aaron and Scott [13].
ractures occurred during torsion [15] on unloosened pros-
heses. These simple fractures facilitated reduction and
ade it possible to perform stable osteosynthesis with
ndomedullary nails [10—12] or plates [8] (Table 2) guaran-
eeing union without malunion (Fig. 6). Managed in this way,
arly rehabilitation was possible so recovery of function was
xcellent over time [8] and articular range of motion was
quivalent to that in the population that underwent total
nee arthroplasty without fractures.
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Table 2 Reports in the literature on tracker pin site fractures.
Authors Fracture location Age (years) Sex BMI Delay
surgery/fracture
(weeks)
Treatment
Ossendorf et al. [7] 1 diaphyseal femoral
fracture
65 woman 36.9 12 Orthopaedic
Li et al. [11] 1 diaphyseal femoral
fracture (incomplete at
ﬁrst, then complete)
53 woman 37 5 Femoral nailing
Bonutti et al. [10] 2 diaphyseal femoral
fractures
71 woman 42 9 Femoral nailing
77 woman 27 12 Femoral nailing
Wysocki et al. [12] 2 diaphyseal femoral
fractures
46 woman - 10 Femoral nailing
77 woman - 9 Femoral nailing
Jung et al. [8] 1 diaphyseal femoral
fractures
70 woman - 6 ORIF (plate)
Our series 5 diaphyseal femoral
fractures
73
F
e
C
N
c
f
i
p
t
a
s
i
p
t
s
s
a
n
h
C
P
e
i
A
M
i
M
t
Rigure 6 a: long leg radiograph at union; b: osteosynthesis by
ndomedullary nailing; c: axis of the limb 178◦ at union.
onclusion
avigation tracker pin site fractures are a potential
omplication in computer-assisted knee arthroplasty. These
ractures usually occur in the femur and are favored by
ncorrect positioning of the pins, especially if they are
laced in the lower diaphysis of the femur and implanted
ranscortically, or if multiple drill holes must be made cre-
ting a ‘‘postage stamp’’ pattern. The diameter of the pins
hould be as small as possible with bicortical implantation
n the metaphysis.
These fractures are usually preceded by pain after a
ain-free period, and when at least one of the pin sites is
ranscortical. Pain of this type should suggest the diagno-4 W/ 1 M 32.5 14.2 Femoral nailing in
3 cases, ORIF in
2 cases
is and weight-bearing should be totally avoided until pain
ubsides.
If the fracture is diagnosed, the prognosis in our series
nd in the literature is good after stable osteosynthesis with
o bone graft. At the last follow-up in our series, fractures
ad not affected the functional results of the prosthesis.
onﬂict of interest statement
. Beauﬁls. Clinical trials: co-investigator, non-principal
xperimenter, for Zimmer Company, Warsaw, USA.
J. Beldame and P. Boisrenoult have no afﬁliation, ﬁnancial
nterests or other interests in the company Zimmer.
cknowledgements
me Jocelyne Herruel, scientiﬁc secretary at the unit
n Versailles for her help in this study; Mr Jean-Franc¸ois
enard, MCU-PH biostatistician, Universitary Hospital Cen-
er of Rouen, for his help in the statistics in this study.
eferences
[1] Saragaglia D, Picard F, Chaussard C, Montbarbon E, Leitner F,
Cinquin P. Computer-assisted knee arthroplasty: comparison
with a conventional procedure. Results of 50 cases in a prospec-
tive randomized study. Rev Chir Orthop Reparatrice Appar Mot
2001;87:18—28.
[2] Stulberg SD, Loan P, Sarin V. Computer-assisted navigation
in total knee replacement: results of an initial experience
in thirty-ﬁve patients. J Bone Joint Surg Am 2002;84-
A(Suppl. 2):90—8.
[3] Cossey AJ, Spriggins AJ. The use of computer-assisted surgical
navigation to prevent malalignment in unicompartmental knee
arthroplasty. J Arthroplasty 2005;20:29—34.
[4] Jenny JY, Boeri C. Computer-assisted implantation of a total
knee arthroplasty: a case-controlled study in comparison with
classical instrumentation. Rev Chir Orthop Reparatrice Appar
Mot 2001;87:645—52.
[[
[
[
[Pin track induced fractures around computer-assisted TKA
[5] Decking R, Markmann Y, Fuchs J, Puhl W, Scharf HP. Leg
axis after computer-navigated total knee arthroplasty: a
prospective randomized trial comparing computer-navigated
and manual implantation. J Arthroplasty 2005;20:282—8.
[6] Haaker RG, Stockheim M, Kamp M, Proff G, Breitenfelder J,
Ottersbach A. Computer-assisted navigation increases preci-
sion of component placement in total knee arthroplasty. Clin
Orthop Relat Res 2005:152—9.
[7] Ossendorf C, Fuchs B, Koch P. Femoral stress fracture
after computer navigated total knee arthroplasty. Knee
2006;13:397—9.
[8] Jung HJ, Jung YB, Song KS, Park SJ, Lee JS. Fractures associated
with computer-navigated total knee arthroplasty. A report of
two cases. J Bone Joint Surg Am 2007;89:2280—4.
[9] Debarge R, Nicolle MC, Pinaroli A, Ait Si Selmi T, Neyret P. Surgi-
cal site infection after total knee arthroplasty: a monocenter
analysis of 923 ﬁrst-intention implantations. Rev Chir Orthop
Reparatrice Appar Mot 2007;93:582—7.[10] Bonutti P, Dethmers D, Stiehl JB. Case report: femoral shaft
fracture resulting from femoral tracker placement in navigated
TKA. Clin Orthop Relat Res 2008;466:1499—502.
[11] Li CH, Chen TH, Su YP, Shao PC, Lee KS, Chen WM.
Periprosthetic femoral supracondylar fracture after total
[255
knee arthroplasty with navigation system. J Arthroplasty
2008;23:304—7.
12] Wysocki RW, Sheinkop MB, Virkus WW, Della Valle CJ.
Femoral fracture through a previous pin site after computer-
assisted total knee arthroplasty. J Arthroplasty 2008;23:
462—5.
13] Aaron RK, Scott R. Supracondylar fracture of the femur after
total knee arthroplasty. Clin Orthop Relat Res 1987:136—9.
14] Culp RW, Schmidt RG, Hanks G, Mak A, Esterhai Jr JL,
Heppenstall RB. Supracondylar fracture of the femur fol-
lowing prosthetic knee arthroplasty. Clin Orthop Relat Res
1987:212—22.
15] Kuo RF, Chao EY, Rim K, Park JB. The effect of defect size
on the stress concentration and fracture characteristics for
a tubular torsional model with a transverse hole. J Biomech
1991;24:147—55.
16] Seon JK, Song EK, Yoon TR, Seo HY, Cho SG. Tibial plateau stress
fracture after unicondylar knee arthroplasty using a navigation
system: two case reports. Knee Surg Sports Traumatol Arthrosc
2007;15:67—70.
17] Hipp JA, Edgerton BC, An KN, Hayes WC. Structural conse-
quences of transcortical holes in long bones loaded in torsion.
J Biomech 1990;23:1261—8.
